have also been identified as a crucial predictor of activities of daily living following stroke.. 5 The trunk muscle strength in patients with a stroke is found to be impaired in the sagittal, coronal and transverse plane in stroke patients, when assessed using an isokinetic dynamometer and hand held dynamometer. [6] [7] [8] It is also suggested that these deficits in muscle strength and trunk amplitude observed in subjects with hemiparesis, result in reduced mobility of the pelvis. 9 Kinematic and kinetic studies of upper-body motion in the frontal plane have shown that the trunk is precisely controlled and highly dependent upon the motion of the pelvis which provides a basis of support for trunk mobility. 10, 11 Various methods have been used to assess the normal and pathologic pelvic alignment including radiography, videography, posturography, PALMTM and 3D motion analysis system. 12 PALMTM has the advantage of palpation along with the objectivity and reliability of the caliper and an inclinometer, their psychometric properties has good validity and intra-rater reliability (ICC = 0.97 and 0.98) and inter-rater reliability (ICC = 0.88 and 0.89) is found to be excellent. 13, 14 Biomechanical mal-alignment due to pelvic asymmetry in stroke patients places the trunk muscles in a disadvantageous length tension relationship resulting in impaired trunk muscle activation and mobility. 15 Trunk control has been clinically measured using tools such as the Trunk Control Test, the Trunk Impairment Scale (TIS) described by Verheyden et al and the Trunk Impairment Scale described by Fujiwara et al. 16 Trunk Impairment Scale by Verheyden et al is found to have good psychometric properties for stroke subjects. 17 However, the relationship between pelvic asymmetry and trunk control in stroke patients has been scarcely studied. Hence the aim of the present study to investigate the relationship between pelvic alignment using PALM and trunk control (TIS) in subjects with stroke.
METHODS
This cross-sectional study was approved by the Institutional Research Ethics Committee, KMC, Mangalore, Manipal University, Karnataka, India. Stroke subjects referred by a neurologist to the physiotherapy department for rehabilitation from March 2013-March 2014 were recruited for the study. The aim and procedures of the study were explained to the volunteering subject, following that a written informed consent was obtained from those who were interested to participate in the study. Subjects were selected for inclusion and exclusion criteria. The inclusion criteria were (1) stroke subjects with supra tentorial lesions for more than 3 weeks post stroke duration (2) Trunk Control Test score=100 (3) MMSE score >23 and (4) Subjects who can sit without support for a minimum of 15 minutes. Exclusion criteria are (1) musculoskeletal complaints in the back which limit their performance (2) other neurological diseases that can affect their sitting balance (3) lateropulsion or pushers syndrome following stroke. 55 subjects were screened and 38 subjects met our study criteria. Before commencing of the study demographic data of the subjects and standardized instructions to sit as upright as possible to the treatment plinth with hips and knees flexed at 90 degrees and ankles at the neutral position. The medio-lateral pelvic alignment was measured with the lever arms of the PALMTM placed on the Anterior Superior Iliac Spine (ASIS) on either side. The deviation in the pelvic tilt on the paretic side in comparison to the non-paretic side was measured in degrees. In three test trials of pelvic tilt readings were taken, the mean of which was taken into account in analysis. The subjects were then permitted to rest for five minutes following which the trunk control was measured using the Trunk Impairment Scale.
Data Analysis
Descriptive analysis included mean, standard deviations and frequency distribution for the demographic variables. Correlation between pelvic alignment and trunk control was calculated using Karl Pearson's correlation coefficient. Associations between clinical assessments were made using chi square tests. Results were interpreted based on the confidence interval set at 95% and were reported along with statistical significance (p<0.05).All statistical analysis was performed using SPSS version 17 for Windows. Table 2 summarizes the measurement of Pelvic Tilt and TIS mean scores of the stroke subjects. The mean score for Pelvic tilt using PALM was 2.68 ± 1.06 and mean total TIS score was 15.52 ± 4.02. Table 3 summarizes the correlation between pelvic tilt and trunk control of the stroke subjects. The correlation between the pelvic tilt and trunk control in the stroke subjects showed a negative correlation which indicates that a change in the pelvic alignment which affects the trunk control. Pelvic tilt values negatively correlated with all the individual trunk impairment scores with p value = 0.00. .00 ** = correlation is highly statistically significant, p<0.00 Table 5 summarizes the correlation between the Pelvic Tilt and TIS in different durations post stroke which showed a significant correlation in the acute stage of stroke with the p value<0.00.
RESULTS

DISCUSSION
The primary aim of this study was to examine the relationship between pelvic alignment and trunk control and the secondary aim was to determine the association between the Pelvic Tilt, sub scores of TIS with the Brunnstrom's Stage of Recovery of the Lower Limb as well as the relationship between pelvic tilt and trunk control in the different stages of stroke.
A stroke results in bilateral weakness of the abdominal muscles. Furthermore, this weakness is found to be more pronounced on the affected side . [6] [7] [8] [9] In the sitting position, this abdominal weakness accounts for the of line of gravity being placed relatively posterior to the centre of gravity, leading to an increased tendency to fall backwards. As a result, stroke subjects usually compensate by sitting with a flexed thoracic spine, to place the line of gravity comparatively anterior to the centre of gravity. When the spine is flexed with an exaggerated thoracic kyphosis, the pelvis will passively move into a posterior pelvic tilt leading to an approximation of the origin and insertion of abdominal muscles, especially the oblique muscles which further leads to their asymmetric weakness. [18] [19] [20] Ideal sitting includes a neutral lumbar lordosis, increased anterior pelvic tilt, with the ASIS of both sides being at the same level. 21 This requires an efficient stabilizing system of the spine, which is divided into three subsystems: a passive (osteo-ligamentous system), an active (musculo-tendinous system), and a neural control system. A stroke causes an impairment of the latter two systems which leads to an altered alignment resulting in disturbed postural symmetry. 22 majority of stroke subjects sit with more weight bearing on the unaffected side, and thus causes a compensatory lateral flexion with convexity towards the affected side. Thereby elevating the pelvis on the unaffected side. 23 A recent posturographic analysis also reported that stroke patients tend not to move the center of the body to the paretic side while in the sitting position. 24 In previous studies it has been stated that the weakness of the trunk muscles leads to impaired trunk control in stroke subjects. 15, 22 Electromyographic analysis of the trunk muscles has shown that the external oblique muscle is responsible for fixing the position of the pelvis during dynamic activities. 25 Hence it can be assumed that an abnormal trunk control could lead to a deviation in the pelvic alignment from the neutral position which is one of the findings of the present study. This is consistent with the finding of the present study in which a significant negative correlation existed between the pelvic tilt and trunk control, i.e. when pelvic asymmetry increases trunk control decreases (r= -0.62, p = 0.00).
When the pelvic tilt is correlated with the Brunnstrom's Stage of recovery of the lower limb it also shows a significant association (p<0.05).According to a previous study, patients with the most impaired legs presented with the greatest amount of lateral displacement and asymmetry of the pelvis. 26 Trunk control when associated with the Brunnstrom's Stage of Recovery of the Lower Limb showed significant associations with the static and dynamic sub-scores of the Trunk Impairment Scale except with the coordination sub score (p<0.05).Lower extremity movement is dependent on the proximal stability of the trunk. Therefore, in order to achieve the recovery of the skilled functional tasks of the lower extremity, it is paramount to addressing trunk stability. Hence the trunk forms a central key point in the rehabilitation of the stroke patients. 15, 26, 27 When the pelvic tilt is correlated with trunk control across the various stages of stroke, a significant correlation is observed in the acute stage of stroke(r =-.741, p=0.00).Previously carried out study emphasizes that the time course required by the trunk for recovery is the same as the arms and legs. The most striking improvement in motor recovery was from one week to one month and also a significant improvement was observed in one month to three months following stroke. 28 this may attribute to our findings that significant association between the pelvic tilt and trunk impairment score was found in the acute stage post stroke. This study has several limitations which includes stratification of subjects according to the duration and motor recovery of the lower limb might have increased the sample size and power of the study, sagittal and transverse pelvic alignments with respect to trunk control and also correlating pelvic tilt with sitting, standing balance and measures assessing gait were not analyzed in this study.
Clinical Implications
The result of the current study indicates that the assessment of the pelvic alignment should be incorporated as a part of routine clinical examination of trunk control following stroke.
CONCLUSION
The trunk along with the pelvis when optimally aligned is responsible for appropriate activation of the trunk muscles and this translates into the maintenance of a good trunk control. Thus pelvic alignment influences the trunk control and is also available to be associated significantly with the acute phase of stroke. The lower limb Brunnstrom's stage of motor recovery is associated significantly with the static and dynamic sub scores of the TIS.
